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AUXILIARY ELECTRIC DRIVE SYSTEM
AND VEHICLE USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/388,438 to Matheson, filed Sep. 30,

2010, which 1s hereby incorporated by reference in 1ts

entirety. This application claims priornty to U.S. Provisional
Patent Application No. 61/470,323 to Matheson, filed Mar.

31, 2011, which 1s hereby incorporated by reference in 1ts
entirety.

BACKGROUND

Field of the Invention

The present invention relates to electric and hybnd
vehicles.

Description of Related Art

Gas or Diesel engine powered vehicles typically achieve
poor fuel efliciency in terms of miles per gallon. Electric
vehicles are beginning to become more popular. Hybnd
vehicles, which use both electric motors and combustion
engines, are also seen 1n the marketplace

What 1s need 1s a system and method to create a hybrid
vehicle adapted to utilize an existing vehicle with a com-
bustion engine, and to convert 1t into a hybrid vehicle.

SUMMARY

An electric drive system adapted to utilize an existing
vehicle with a combustion engine and to add an electric
drive capability. Components of the system may be imple-
mented rearward of the vehicle engine and transmission
along the drivetrain. In some aspects, the system allows for
combustions engine, electric motor, or combination power-
ing of the vehicle. In some aspects, the same auxihary
components, such as the power steering module, the air
conditioning, and other components, are powered whether
using the original combustion engine or the electric drive
motor.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates a vehicle with an auxiliary electric drive
system according to some embodiments of the present
invention.

FIG. 2 1llustrates a block diagram of a system with an

auxiliary electric drive according to some embodiments of
the present invention.

FIG. 3 illustrates an electric motor according to some
embodiments of the present invention.

FIG. 4 illustrates a electric accessory belt drive system for
a system according to some embodiments of the present
invention.

FIG. 5 1s an illustration of a clutching mechanism for a
belt drnive system according to some embodiments of the
present mvention.

FIGS. 6 A-B are views of a throttle linkage according to
some embodiments of the present invention.

FIGS. 7TA-C are views of a battery system according to
some embodiments of the present invention.

FIG. 8 1s a schematic of an electric vehicle circuit
according to some embodiments of the present invention.
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FIG. 9 1s a schematic of a contactor relay board according
to some embodiments of the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates an auxiliary electric drive system 100
with an auxiliary electric drive according to some embodi-
ments of the present invention. In some aspects, the system
100 1s implemented using a vehicle 101, which may be a
pickup truck. In some aspects, the vehicle 101 has an OEM
internal combustion engine 102 and an OEM transmission
103. In some aspects, the auxiliary electric drive system 100
1s adapted to be retrofitted 1nto existing vehicles, which may
be new or used, while predominantly maintaining use of
most portions of the original system. In some aspects, the
system 1s adapted to allow for use of the OEM control
system for the OEM internal combustion engine, while
having separate electronics for the electric motor. In this
sense, the system may have an electric motor sub-system
and an OEM 1nternal combustion engine sub-system which

may be electrically independent while mechanically inter-
twined.

When retrofitting an existing vehicle which has an inter-
nal combustion engine with an electric drive system, some
challenges exist with regard to other vehicle components.
Typically, a vehicle with an internal combustion engine
utilizes the rotation of that internal combustion engine to
power one or more belts adapted to drive pulleys attached to
the other vehicle components. Examples of these other drive
components are the air conditioner, the power steering
pump, the alternator, and other components. I1 the retrofitted
vehicle 1s to be used 1n an electric only mode, using only the
clectric motor for propulsion, the internal combustion
engine may not be running, or turning. Thus, the other
vehicle components, which may still be required to properly
operate the vehicle, may not be active. In some embodi-
ments of the present invention, an additional part of the
retrofit may include a modified belt drive system which
allows other vehicle components to operate. In another
aspect of the retrofit may include drive shait disconnects
which give the system opportunity to operate in numerous
operational modes.

In some embodiments of the present invention, as seen 1n
FIG. 3, the motor system 1s an inline motor which has a main
motor axis which 1s co-axial with the mechanical torque
transmission path. This may be a continuous or coupled
shaft which 1s coupled to the front drive shait on a first end,
and 1s coupled to the rear drive shalft on a second end. The
motor may be adapted to provide electrical assist to a vehicle
already providing power with its combustion engine. This
may be achieved using an electrical motor wherein the rotor
of the motor 1s part of the iline drive train of the vehicle.

In some embodiments of the present invention, the system
100 may include an 1inline electric motor 104. The motor 104
may be hard mounted to the vehicle frame. As seen if FIG.
3, the electric motor 104 may be have a co-axial input shaft
121 and output shaft 120. In some embodiments, this may be
a single piece shait. The housing 122 of the electric motor
104 may be mounted to the vehicle 101. The electric drnive
system may be configured such that the electric motor 104
1s mounted to the vehicle 101. A front drive shaft 112 1is
adapted to mechamically couple the transmission of the
vehicle to the front end of the electric motor 104. A rear
drive shait 113 1s adapted to mechanically couple the rear
end of the electric motor 104 to the rear drive train compo-
nents, which may include a differential 111.
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In some embodiments, the electric motor 104 may be
similar to a Power Flow 225, manufactured by Clean Wave
Technologies, Inc., of Mountain View, CA, although modi-
fied to include a continuous through-shait as described
herein. The motor, and 1ts associated drive control unit 107
(DCU), may have a peak system power density of 130 kW,
The motor may be liquid cooled.

In some embodiments, as seen 1 FIGS. 7TA-C, a battery
system 108 may be used to power the electric drive system.
The battery system 108 may be charged using external
power, or may be charged using the electric motor 104 as a
generator, or a combination of both. In some aspects, the
battery system 108 may be adapted to fit within a utility box
adapted to fit within the front portion of the bed of a pickup
truck, as seen 1n FIG. 1. In some aspects, the batteries may
be easily removable and replaceable. In the example of a
utility box within the front portion of the bed of a pickup
truck, the ease of the removal may allow for replacement
with a charged battery system instead of recharging the
batteries within the vehicle 1n some cases. Also, as the
batteries may be quite expensive, this may allow easy
removal from the vehicle at the end of the vehicle life for
other reasons.

In some embodiments, the battery system may use 120
cells 1n series. The cells may be 3.3 volts for a total of 396
volts. The cells may be a Winston WB-LYP60AHA, for
example. The cells may be lithium 10n 1ron phosphate cells.

In some embodiments, the electric motor 104 1s hard
mounted to the vehicle, utilizing a universal joint forward
and rearward of the electric motor, allows for the use of an
clectric motor better adapted for vehicle use. In some
aspects, the electric motor may be an electric motor with a
cooling sub-system, such as liquid coolant. In the case of a
hard mounted electric motor, a front drive shaft and a rear
drive shaft would be used. It 1s understood that a hard
mounted system could include mounting with vibration
dampening or other means of attachment. In the case of a
retrofit to an existing vehicle, a proper fit to the existing
vehicle transmission and differential may be achieved using
a sliding yoke attachment on the front side of the electric
motor, and using a U-jomnt on the rearward side of the
clectric motor. A hard mounted system 1s mounted relative
to the vehicle frame or body, as opposed to floating with a
traditional drive shatt. The electric motor 1s adapted to rotate
with the same rotational velocity as the output shaft of the
transmission.

In some embodiments, the auxiliary electric drive system
utilizes a light duty pickup truck as the vehicle to be
retrofitted with electric drive system. The electric motor may
be attached motor mounting bracket aflixed to a cross brace
which 1s 1n turn attached to the vehicle frame. In some
embodiments, the mounting may utilize bolts as fasteners
for the components.

In some embodiments, the system may include a front
drive shait disconnect 106 and a rear drive shait disconnect
105. The front drive shaft disconnect 106 may separate the
front drive traimn into a forward section and a rearward
section. The rear drive shait disconnect 105 may separate the
rear drive train 1nto a forward section and a rearward section.
With the drive shait disconnects, the vehicle system may be
implemented 1n a variety of different modes. For example,
the OEM internal combustion engine may be disconnected
when operating only 1n electric mode. Or, the rear discon-
nect may be disconnected to allow the electric motor to be
driven, as a generator, by the OEM internal combustion
engine to allow the system to work as an electrical generator,
in field use, for example. The drive shaft disconnects may be
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similar to drive shaft disconnects 1n conjunction with towing
vehicles behind other vehicles, such as made by Remco. The
drive shaft disconnects may include electro-mechanical
actuators to actuate the disconnection mechanism using
clectronic mput from another portion of system.

Using FIG. 4 as an 1illustrative example, an internal
combustion engine on a vehicle which may be modified
using aspects ol the present invention may use one or more
serpentine belts to operate ancillary equipment. These belts
may then drive the air conditioning unit, and the alternator,
for example. There may be other equipment, such as a power
steering pump, as well as 1dler pulleys 1n the belt system. In
some aspects of the present invention, a vehicle may incor-
porate an E-belt drive system 200 which allows for the
standard operation of the belt driven engine equipment when
the internal combustion engine 1s operating, and also allows
for the operation of belt driven engine equipment when the
internal combustion engine 1s stopped and not rotating. In
some embodiments, this 1s achieved using an electric motor
201 adapted to drive the belt system via a belt 202 when the
internal combustion engine is stopped. In order to allow for
the rotation of the belt around the crankshaift pulley while the
crankshaft itself 1s not moving, an electronic clutching
system may be utilized. A clutched belt pulley mechanism
203, allows for drive of the other belts 205 1n a first mode,
when the 1nternal combustion engine 1s operating, and 1dles
the belt 204 to the crankshatt pulley 206 when the crankshaft
of the internal combustion engine 1s not operating. An
clectric belt drive motor 201 1s used to drive the belt system
when the internal combustion engine 1s not operating. Simi-
larly to the crankshaft pulley, the electric belt drive motor
201 1s adapted to 1dle while the internal combustion engine
1s operating, and 1s adapted to drive the belt when the
internal combustion engine 1s not operating. In some
embodiments, the electric belt drive motor 1s powered by the
auxiliary batteries. The clutched belt pulley mechanism 203
may use electromagnetic clutches. For the retrofit of existing
vehicles, the installation of the E-belt drive system may
require the installation of an electric belt drive motor 201,
the clutched belt pulley mechanism 203, and idler pulleys
207.

FIG. S5 illustrates a clutched belt pulley mechanmism 203.
The clutched belt pulley mechanism 203 may be mounted
using a bracket 214. The clutched belt pulley mechanism
203 1s adapted to allow a belt to drive engine components,
such as air conditioning, for example. The clutched belt
pulley mechamism 203 allows these engine components to
be driven either using an electric belt drive motor 201 or the
crankshaft pulley 206. The clutched belt pulley mechanism
203 may use electromechanical or electromagnetic clutches
which allow the engine component belt 2035 to be powered
by just one of the available drive sources, while the other
idles. For example, during an operational mode where the
OEM internal combustion engine 1s operating, the OEM
pulley 211 may be engaged 215 to the components pulley
210, while the electric belt drive motor pulley 216 1dles. In
an operational mode where the OEM 1nternal combustion
engine 1s not running, the electric belt drive motor pulley
216 be engaged 216 to the components pulley 210, while the
OEM pulley 211 idles. The clutched belt pulley mechanism
203 may have all of 1ts pulleys on a common shaft 213.

In some embodiments, the vehicle 1s adapted to run 1n a
plurality of operating modes. In one mode, the vehicle may
operate as a standard combustion engine vehicle, without
drawing power from the electric system. In a some modes,
the vehicle may operate as a dual power vehicle, wherein the
combustion engine provides power and the electric motor
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also provides power. In another mode, the vehicle may
operate as an electric vehicle only without power from the
combustion engine. In another mode, the vehicle may be
powered by the internal combustion engine, and the electric
motor may act as a generator and recharge the batteries, and
also be able to provide electrical power to other equipment,
such as at field site.

The following modes are illustrative of modes that are
available 1n a system according to some embodiments of the
present mvention.

Electric Mode: This mode may be used for just the electric
motor as a source of power. The OEM engine 102 1s not in
operation. The OEM transmission 2 1s not 1n operation. The
front disconnect 106 1s disengaged. The electric motor 3 1s
in operation. The rear disconnect 105 1s engaged. The
batteries 108 are 1n operation. The SCU 1s 1n operation. The
belt drive system 200 1s 1n operation.

Economy Mode: This mode may be used for realizing

some fuel savings while using the electric motor 1n a lower
capacity. The OEM engine 102 1s 1n operation. The OEM
transmission 2 1s 1n operation. The front disconnect 106 1s
engaged. The electric motor 3 1s in operation at a reduced
torque rating, such as 15%. The rear disconnect 105 1s
engaged. The batteries 108 are in operation. The SCU 1s 1n
operation. The belt drive system 200 1s not 1n operation.

Towing Mode: This mode may be used when towing
loads. The OEM engine 102 1s in operation. The OEM
transmission 2 1s in operation. The front disconnect 106 1s
engaged. The electric motor 3 1s 1n operation at a higher
torque rating, such as 50%. The rear disconnect 105 1s
engaged. The batteries 108 are in operation. The SCU 1s 1n
operation. The belt drive system 200 1s not 1n operation.

Regeneration Mode: This mode 1s used to allow for
recharging the batteries while driving. The OEM engine 102
1s 1n operation. The OEM transmission 2 1s 1n operation. The
front disconnect 106 1s engaged. The electric motor 3 1s 1n
operation as a generator at 10% charge. The rear disconnect
105 15 engaged. The batteries 108 are in operation. The SCU
1s 1n operation. The belt drive system 200 1s not 1n operation.

Performance Mode: This mode gives maximum power.
The OEM engine 102 1s 1in operation. The OEM transmis-
sion 2 1s 1n operation. The front disconnect 106 1s engaged.
The electric motor 3 1s 1n operation at 100% torque rating.
The rear disconnect 105 1s engaged. The batteries 108 are 1n
operation. The SCU 1s 1n operation. The belt drive system
200 1s not 1n operation.

Auxiliary Power Mode: This mode allows for the vehicle
to operate as a generator for powering external electrical
devices, which may hook into the vehicle at external power
ports. The OEM engine 102 1s in operation, which may be
at 2500 rpm. The OEM transmission 2 1s 1n operation. The
front disconnect 106 1s engaged. The electric motor 3 1s 1n
operation as a generator. The rear disconnect 105 1s disen-
gaged. The batteries 108 are not 1n operation. The SCU 1s 1n
operation. The belt drive system 200 1s not 1n operation.

Transport Mode: This mode allows for the vehicle to be
towed by another vehicle. The OEM engine 102 1s not in
operation. The OEM transmission 2 1s not 1n operation. The
front disconnect 106 1s disengaged. The electric motor 3 1s
not 1 operation. The rear disconnect 105 1s disengaged. The
batteries 108 are not in operation. The SCU 1s not in
operation. The belt drive system 200 1s not 1n operation.

Typically, the ECU (Engine Control Unit) or ECM (En-
gine Control Module) 1s what OEM (Original Equipment
Manufacturers) use to operate all electronically controlled
components that require computer instructions to operate.
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In some embodiments, the AOEV Drive System does not
use the OEM’s ECU/ECM. Instead, the AOEV Drive Sys-
tem 1s electrically connected to the OEM vehicles 12 volt
system through the ignition switch, or other appropnate
location. When the 1gnition switch 1s 1n the RUN position,
all OEM vehicle controls (such as headlights, tail lights,
power windows, air bags, radio, etc.) that are normal to
operation when the vehicle 1s being run with the combustion
engine are active and functional including the speedometer
and odometer. 1T the host OEM vehicle does not have an
clectronic method of revolution counter for the rear wheels
as a method for monitoring speed and distance, the AOEV
Drive System may include an electronic read switch
mounted to one of the rear wheels to send such data to the
VDM (Visual Display Monitor) which resides in the cabin
area; most likely mounted to or on the vehicles dashboard.
Thus, the dash console and the other powered accessories
may continue to function as they would when the ICE 1s
running even ii the ICE 1s not running and stationary. As
described above, the belt driven accessories may driven by
an auxiliary electric motor. Thus, 1n some embodiments,
these accessories may continue to utilize the vehicle’s
battery and alternator based electric system even when the
ICE 1s not used.

FIG. 2 illustrates a diagram of various components of the
system. The system 100 uses components of the initial
vehicle 101, including the OEM engine 150, the OEM
battery 151, the OEM belt driven components 152, the OEM
throttle linkage 154, and the OEM i1gnition switch 153.
Added 1nto the original vehicle are the electric motor 160,
the electric motor drive control unit 161, the battery pack
162, the battery management system 163, the belt dnive
system 166, a batter charger 164, a throttle pot 168, and a
system control system 167. Using a system as seen 1n FIG.
2, a system can be constructed that allows adding electric
power pickup trucks and other vehicles. This may allow
fleets of vehicles to reduce operating costs while meeting
reduced emission targets.

In some embodiments of the present invention, a method
for retrofitting an existing vehicle with an auxiliary electric
drive system. The retrofitted vehicle may be a standard
pickup truck 1s some embodiements. This retrofit may have
the steps of removing the original drive shaft, and then
installing an electric motor to the vehicle frame, which may
use mounting brackets. The motor may be an electric motor
with an input and an output shait in some embodiments. A
front drive shait may be used to connect the back of the
transmission to the front end of the electric motor, and a rear
drive shaft may be used to connect the differential to the rear
end of the electric motor. A disconnect may be present 1n
both the front drive shait and the rear drive shaft. A battery
set may be installed into a box mounted within the front
portion of the bed of the pickup truck. In some embodi-
ments, the engine belt system may be modified such that the
accessory belts can be clutched out of the belt driven system
of the ICE. An electric drive motor may be mounted to allow
drive of the belt system, and this electric drive motor may
also be clutched so that 1t 1s out of the system when the ICE
1S 1N use.

The VDM provides control of the AOEV Drive System
via an embedded microprocessor and software operating as
a system control unit 109 (SCU). It includes a touch screen
display so the driver/operator has a tactile and visual inter-
face during use. The SCU 1s adapted to allow a user to select
from the various modes of operation for the vehicle system.

In some embodiments of the present invention, the
vehicle may include an energy storage module. The energy
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storage module may be adapted to provide power 1n the form
of 12V, 110V, and/or 220V. The energy storage module may
contain mverters which may connect to external outlets. In
this fashion, devices may be powered, for example by
emergency vehicles when using vehicles having a power
system according to embodiments of the present invention.

FIGS. 6 A-B illustrate a throttle pot for the electric vehicle
system according to some embodiments of the present
invention. The vehicle’s OEM throttle may be attached to 1n
order to also provide control to the electric motor SCU.

FIG. 8 1llustrates a system schematic according to some
embodiments of the present invention. FIG. 9 illustrates
contactor relays according to some embodiments of the
present invention.

As evident from the above description, a wide variety of
embodiments may be configured from the description given
herein and additional advantages and modifications wall
readily occur to those skilled 1n the art. The invention 1n its
broader aspects 1s, therefore, not limited to the specific
details and illustrative examples shown and described.
Accordingly, departures from such details may be made
without departing from the spirit or scope of the applicant’s
general ivention.

I claim:

1. A vehicle system comprising:

an 1nternal combustion engine;

a transmission coupled to the internal combustion engine

on a first end;

a front drive train portion connected to a second end of the

transmission;

a rear drive train portion;

a disconnect connected inline to the front drive train

portion; and

an electric drive assembly coupled to the front drive train

portion on a first end and coupled to the rear drive train
portion on a second end; wherein

the disconnect 1s located between the transmission and the

clectric drive assembly and selectively decouples the
clectric drive assembly and the front drive train portion,
wherein the rear drive train portion comprises:

a first end coupled to the electric drive assembly;

a second end coupled to a vehicle differential; and

a second disconnect, wherein the second disconnect 1s

located between the electric drive assembly and the
differential with the second disconnect being adapted to
couple and decouple torque from the first end of the
rear drive train portion to the second end of the rear
drive train portion.

2. The vehicle system of claim 1, wherein the electric
drive assembly 1s adapted to receive iput torque from the
transmission and to deliver output torque to at least one drive
wheel of the vehicle.

3. The vehicle system of claim 2, wherein the electric
drive assembly comprises a motor mounted to the frame of
the vehicle.

4. The vehicle system of claim 3, wherein the motor 1s 1n
line with a torque transmission portion of the vehicle’s
internal combustion engine.

5. The vehicle system of claim 1 wherein the front drive
train portion comprises:

a first end coupled to the transmission;

a second end coupled to the first end of the electric drive

assembly; wherein

the disconnect 1s adapted to couple and decouple torque

from the first end of the front drive train portion to the
second end of the front drive portion.
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6. The vehicle system of claim 1 wherein the electric drive
assembly comprises a single first shatt, the first shaft extend-
ing out of the drive assembly housing on two ends, the
clectric drive assembly adapted to be mounted 1n line with
a torque delivery system of the internal combustion engine.

7. The vehicle system of claim 1 wherein the electric drive
assembly comprises a single first shait, the first shait extend-
ing out of the drive assembly housing on two ends, the
clectric drive assembly adapted to be mounted 1n line with
a torque delivery system of the internal combustion engine.

8. The vehicle system of claim 1 wherein the disconnect
1s a drive shaft disconnect that connects a first forward drive
shaft to a second forward drive shaft for selectively discon-
necting the two forward drive shafts.

9. The vehicle system of claim 1 wherein the second
disconnect 1s a drive shaft disconnect that connects a first
rearward drive shait to a second rearward drive shaft for
selectively disconnecting the two rearward drive shafits.

10. A method for the operation of a vehicle with an
clectric motor and an internal combustion engine, said
method comprising the steps of:

selecting whether to drive the vehicle with the aid of the

electric motor;

selecting whether to drive the vehicle with the aid of the

internal combustion motor;

selecting whether to engage a front disconnect, said front

disconnect residing between the transmission of the
vehicle and the electric motor;

selecting whether to engage a rear disconnect, said rear

disconnect residing between said electric motor and the
differential of the vehicle; and

selecting whether to 1solate the electric motor between the

transmission and the differential by disengaging the
front disconnect and the rear disconnect.

11. The method of claam 10 wherein said electric motor
comprises an input shait coupled to the transmission and an
output shait coupled to the differential.

12. A vehicle system comprising:

an internal combustion engine;

a transmission coupled to the internal combustion engine

on a first end;

a diflerential; and

an electric dnive assembly positioned between and 1s0-

lated from the transmission and the difierential by a first
disconnect connected between the transmission and the
clectric drive assembly and a second disconnect con-
nected between the electric drive assembly and the
differential; the first disconnect selectively decouples
the electric drive assembly and the transmission and the
second disconnect selectively decouples the electric
drive assembly and the differential.

13. The vehicle system of claim 12 wherein the electric
drive assembly comprises a motor mounted to the frame of
the vehicle.

14. The vehicle system of claim 13 wherein the electric
drive assembly 1s 1n line with a torque transmission portion
of the mternal combustion engine.

15. The vehicle system of claim 14 wherein the first
disconnect connects to the transmission by a first forward
drive shait and to the electric drive assembly by a second
forward drive shaft, wherein the disconnect 1s adapted to
couple and decouple torque from the first forward drive shaftt
and the second forward drive shaft.

16. The vehicle system of claim 15 wherein the second
disconnect connects to the electric drive assembly by a first
rearward drive shaft and to the differential by a second
rearward drive shaft, wherein the disconnect 1s adapted to
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couple and decouple torque from the first rearward drive
shaft and the second rearward drive shatt.

17. The vehicle system of claim 16 wherein the electric
drive assembly comprises a single first shaft, the first shaft
extending out of the drive assembly housing on two ends and
connecting to the second forward drive shait on one end and
the second rearward drive shaft on the other end.

18. The vehicle system of claim 17 wherein the discon-
nect 1s a drive shaft disconnect that connects the first forward
drive shatt to the second forward drive shait for selectively
disconnecting the two forward drive shafits.

19. The vehicle system of claim 18 wherein the second
disconnect 1s a drive shait disconnect that connects the first
rearward drive shait to the second rearward drive shatt for
selectively disconnecting the two rearward drive shafts.
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